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Effects of planting densities and modes on activities of some enzymes and yield in

summer maize
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Abstract. Effects of different planting densities and modes on activities of key enzymes related to carbon-nitrogen
metabolism in summer maize in two cultivars, Zhengdan 958 and Xundan 20, were studied under the condition of Northern
Henan Province. The results showed that the activities of nitrate reductase ( NR), glutamine synthetase ( GS), sucrose
phosphate synthetase (SPS) and sucrose synthetase (SS) in leaves increased first and decreased later during tasseling and
silking stages. The activities of NR and GS in leaves reached the peak at silking stage, and the maximum of activities of
SPS and SS in grains occurred at 15d after filling. Genotype, density and planting mode had significant effects on the
activities of NR, GS in leaves and SPS, SS in grains during the later-growth period, but the interaction between them was
indistinctive. The activities of NR, GS in leaves and SPS, SS in grains of Zhengdan 958 were higher than those of Xundan
20 (5.02% , 7.40% , 6.25% and 4.43% increases, respectively) during the later-growth period. Within the range of
67500—90000 plants per hm®, the activities of these enzymes decreased significantly with the increasing of planting

density. A comparison between two planting modes indicated that activities of NR, GS in leaves and SPS, SS in grains of
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wide-narrow row mode were higher than those of equidistant row mode (6.23% , 9.25% , 6.87% and 2.84% increases,

respectively ). The yield reached highest in the test plots with 82 500 plants per hm® and wide-narrow row mode.
Key Words; summer maize ; population ; planting mode ; activities of key enzymes ;yield

K (Zea mays L. ) Jy C, H#), JE—Fl s, i U E o V4 VR P i B B2 A KA Qi 2,
B EHACGE M E A K R T, 0 AR KRR by = Bl Ae S0 oT 2 W1 i i s A 00 Fh A
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1 MRFFHE=*E
1.1 X5 A

G AL 958 FVR 51 20 il g A1k, T 2010 4E7E T R 4 it BV L B 2wl g0 B 47, -3
B 4 B2 (0—20 em) AHLE & & 20. 87g/kg A 122. 53mg/ kg AW 36. 79 mg/kg  HAHH 97. 11
mg/kg, 2% 1.601 mg/ke, W 0. 68 mg/kg,pH {H 4 6.9,
1.2 5t

FH =R X B, SR X, A (AL #B B0 9585 A2, 18 B4 20) ; Fhkl 77 =X M @I X, B[ Bl : 2547 1E
(60cm) ;B2 FEZEFTHE (80 em-40 cm) ;% B AREIFIIX, C(C1:6.75 Ji#k/hm®, €2:7.50 Jifk/hm® C3:8.25
Jitk/hm* (C4:9.0 Jifk/hm®) [R5 16 AS4EFE 10 471X, /NX X 48 m*(8mx6m) . 6 H 9 HIEF 10 A 1
HIGK 4 WER , Hes s MR 7488 — KBB4 B . S Ab4T (210 keg/hm® ) FIJG R R — %% (330kg/hm® ) 7
FEFPEHEICAE — A JRE 30% (111 kg/hm?) il FH , 70% (259 kg/hm® ) KWW I3, 355 AHEWE
1.3 WEm B &5k

A3 SAE TR ] k22 30 FESRH G A o BB ST - 00 A R A R (R ) T T R S
B G (GS) W1 5 73 TERESK EHK T 10d.,20d 30d , ¥R it SBOHERE bRk 0 5 FREWE R R 5 10 (SPS) |
FEME 5 B (SS) TR
1.3.1  FHBAJEER (NR) 36 P 5 2

SR TGRS DA BT B[] A 7= A ) S A R R (NOS ) FR i R s B 1
1.3.2 BRABRA U (GS) W LRI E

ST 2AZ R L 540 nm ARG RE (b THE A1 0226 BTG 1, R Hh %) 2 P 0 1 e FH %
s g G-250 YetayklT
1.3.3  REVHGRRR & NG (SPS) REWE G NG (SS) 1 14 1

FETR B S B A A 1 IR et B 0. 3 TV Y T Kok Pbr (B2 L Bk Ay T K 1) B F e
FIBFER R, i 3mL 22 8 A (100mmol/L Tris-HC1 pH 7.0 . 10mmol/L MgCl, 2mmol/L EDTA-Na, .20 mmol/L i
KW 2% ) HOEBTEE B RAE 4°C 13000 /min 850 30 min, FT15 F 156 T T BTG PEI & .

SPS TH R (I 5 - 7 A S U SV AK 22 AR 10mmol/ L F-6-P BT 10mmol/L Sl | H AT e 0S4 il
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LB R B 058 HAA BRI 7 i S AL ALRE ), BE B Ar M 4 5 7 18 AR KRR #EE W OB B e .
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REJIFMAE K . FEIR 3 25/ 80em-40em FEAEATAME 720N H FRAF F I A NR I EY & T 60em 4647
FEARAE 73X, R T R A A T8 i ORI A AU AR T A R TR E AR K

M IRATLAE W bR T i 22 3 AR R RE X 22 ) A 2 A, 3 PR 3R 2 () A A AR RN
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Table 1 Effects of density and planting mode on nitrate reductase( NR) activity in leaf of different maize genotypes (g-g™' #fH-h")

i Hli B3] Tasseling stage it 223 Silking stage HEA 3 Filling stage Y] Mature stage

Density Bl B2 Bl B2 Bl B2 Bl B2

Al
Cl 43.03+1.20 46.73+0.91 77.49+0.97 81.92+0.96 37.90+2.36 40.60=+0.32 25.15+1.04 28.30+1.04
c2 42.66+1.40 45.91+1.20 76.04+1.06 80.46+0.99 37.83+1.43 39.18+0.90 24.62+1.76 27.88+2.68
C3 41.83+0.61 45.09+1.33 75.12+1.04 79.46+1. 68 36.84+1.43 38.52+0.98 23.76+0.97 26.24+1.03
C4 33.28+1.20 37.09+1.89 62.68+2.02 66.23+1.06 31.10+0.90 33.18+0.90 22.26+1.72 24.82+1.58

A2
Cl 41.83+0.41 44.35+1.17 75.57+0.99 78.33+0.52 36.65+0.27 38.14+0.27 24.61+0.87 25.62+2.57
c2 40.19+1.48 43.80+0.91 74.01+3.16 77.67+1.69 35.38+0.70 37.40+0.90 23.68+1.03 24.76+1.10
Cc3 39.37+1.33 42.01+1.20 73.95+0.59 76.83+1.06 34.77+1.85 36.65+0.90 22.71+1.01 23.89+1.85
C4 31.20+2.32 34.14+1.80 60.73+1.06 61.76+1.06 28.45+0.90 31.45+0.74 22.00+.014 22.86+1.77

Significance

A * ok * ok * *

C EEES ERES * % EEE Y

AxB NS * NS NS

AxC NS NS NS NS

BxC NS NS NS NS

AXBxC NS NS NS NS

F RN T B AR ERR 22 NS 7R 0=0.05 /KF L2257 A R « FIR a=0.05 KF EZERBE; « « FI8 «=0.01 KF L2ESH
B
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2.2 FRPEARRRE 7 2O AS ] 3 PR AL oK 45 S BRI B ( GS) TiE R R 5 )

R FRAEFEM, MR GS TR THE 5 BEAR B AR (b e 35, W B R BN AE k22 ] ) SEPR AR 2% B RN o
J5 A E F KM H GS IG MY B 0 3 R Z A B & IR (£2), A5H958 M H GS Gk
TR 20, FEEA AT IR WY K5 7. 40% , R WAFE AT 5 W8 5 958 HA & i i /U R
J1o 7E6.75x10°—9.00x10* #/hm* AY3E Bl P, [5)—BF 4 Rl Rpad 7 =000 b, Bl 2 IS K, B EoRAEE
JE M R GS 1M R E AR A L 6. 75 JiRE/hm® 9. 00 Ji#k/hm® AbFE R & F KA T E M A GS G H-F %
T 11.92% , RS54 F ML 60em ST HEAME 7720, 80cm-40em FEZE A7 A 5 X F B B KA B A
GS MR &, SRR S T 9. 25% , R TEAETTAMEA R T4 5 2 FoK i i /AR e

xR2 FEMMEAXNMAREFRZEKMNFSEEIRE REEENZMm
Table 2 Effects of density and planting mode on glutamine synthetase (GS) activity in leaf of different maize genotypes (A-mg™'-h™")

o35 Hli L) Tasseling stage it 223 Silking stage HEA 3 Filling stage Y] Mature stage

Density Bl B2 Bl B2 Bl B2 Bl B2

Al
Cl 1.57+0.10 1.65+0.06 1.90+0. 08 2.00+0.08 1.37+0.03 1.55+0.23 0.25+0.01 0.35+0.02
Cc2 1.55+0.13 1.64+0.13 1.88+0.01 1.98+0. 05 1.33+0.03 1.51+0.09 0.24+0.01 0.33+0.01
c3 1.52+0.12 1.60+0.04 1.78+0.05 1.96+0.02 1.29+0.02 1.46+0.08 0.22+0.02 0.31+0.01
C4 1.48+0.11 1.55+0.09 1.68+0.03 1.86+0.03 1.15+0.02 1.32+0.02 0.17+0.02 0.24+0.01

A2
Cl 1.46+0.08 1.48+0. 10 1.82+0.05 1.91+0. 06 1.24+0.06 1.38+0.05 0.21+0.02 0.32+0.02
Cc2 1.44+0.11 1.48+0.04 1.80+0.03 1.90+0.04 1.22+0.13 1.36+0.12 0.21+0.01 0.30+0.02
C3 1.40+0.10 1.47+0.11 1.78+0.01 1.87+0.04 1.19+0.08 1.34+0.11 0.19+0.03 0.29+0.01
c4 1.32+0.06 1.42+0.11 1.68+0.04 1.78+0.04 1.06+0. 04 1.21+0.12 0.14+0.02 0.22+0.03

B

Significance

A % % % % * *

AxB NS NS NS NS

AxC NS NS NS NS

BxC NS NS NS NS

AxBxC NS NS NS NS

2.3 BRI D7 OGS [ 35 R AR R ROR PR EAR R R 1 U ( SPS ) TP 1 52

BT R DT 28 AT FPRL SPS TG MW T e, BIE K S 15d 3k B, 1M 5 iR BRI, PRI A %%
FEFIRNAR 5 2O B B KR SPS VA W (H 3 N R Z ) %A B R AR (£ 3) . FRE 958 #f
Hi SPS P 3 = TR B 20, SF K P 6. 25% , REIFRHL 958 HLAT BRI & R REMERE 1. 7E 6. 75%10°—
9.00x10* #&/hm* BTG, A —mH , [FAEFE 7 20, B % B B34 K, B F KRFFRL SPS 16 14 i ZREAK, A1
kb 6.75 Jikk/hm® ,9.00 Ji#k/hm® AbFE R & T AKKFRE SPS TG FHIRRMR T 14.48% . AHH 60cm S5 47 I fh Al
773X ,80cm-40cm Ve A TR I 2 BB KFFRL SPS 1E MR R, BVAIK B T 6. 87% , R TE AT
42 i BB ARAPRLRERE & 1 RE
2.4 B FERIRRRL T SRS ] 35 R R R KRR AR I ( SS ) 3 M I S

B E AR DTE S 28 ) FPRL SS TG T, BIVES S 10d SX B0, 1M 5 G FEAIK, JERIAY %% 5
P 7 OO0 BB RN SS TP WA Rgm (0 3 IR Z [A1A W W BAERON (% 4) . RISERMT, M
958 AL SS Tl PEYY T2 B 20, S K 5 4. 43% , WS 958 ELAT A s iy RE R R R BE 1. 7E 6. 75%
10'—9. 00x10* #¥k/hm* WL, [F]—BF A, R AE R 7 20, Bl 25 B 35 K, 3B EORFFRL SS T 14 i %
fi%, A0 6. 75x10* #k/hm?® 9. 00x10* #k/hm® Zb3 T B FAKFFAL SS FE M IREML T 16.65% . [FAE&MHT,
FAEE 60cm SE4T BEFPAE 77 3, 80cm-40em i A8 4T FiAE 7 30 T B B RFFRL SS TR 3w, BRI R T 2.84%
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W AT AR A R TR e B KRR RE R R AR BE T

®3 FEMMEAXNAERERBERFHUEERRSNEEENSIE(pg g 8Hh")

Table 3 Effects of density and planting mode on sources phosphate synthetase (SPS) activity in grain of different maize genotypes

2 ODAF 10DAF 20DAF 30DAF
Density Bl B2 Bl B2 Bl B2 Bl B2
Al
Cl 113.77+4.31  123.63+4.31 188.05+5.02  198.33+4.74 106.92+4.66 112.20+1.44  48.72+0.41 54.18+0.29
c2 112.71+£1.78  122.57+1.77  187.28+1.15 197.56+0.82 104.64+4.94 110.92+2.35  48.15+0.82 53.94+0.82
c3 111.18+4.34  122.0424.89 187.60+4.90 197.21+5.20 102.95+4.94 108.23+0.62  47.30+0.32 52.76+1.26
c4 92.28+1.78 103.14%2.46 173.39+5.76  177.00+2.19 92.38+5.10 98.99+0.92  40.66+1.26 45.78+1.83
A2
Cl 107.97+£2.68 113.16+5.13  178.86+3.06  188.80+2.68 99.70+1.12 108.64+1.06  44.88+1.24 49.00+0.29
Cc2 105.58+4.89  111.10+1.78 178.43+4.63  188.71+2.36 97.42+1.54 106.36+3.08  43.31x1.72 48.43+0.89
Cc3 103.71+4.93  109.57+4.35 178.41+5.12  188.36+4.33 95.73+£2.99 104.67+2.10  43.46+x0.84 47.58+0.41
c4 90.81+1.78 97.01+£3.95 162.53x1.15 171.81=x1.15 87.16+1.99 94.77+£3.95  36.48+2.37 40.27+0. 60
N
Significance
A * * * B
C ERES ERES * % * %
AXB NS NS NS NS
AXC NS NS NS NS
BxC NS NS NS NS
AXBXC NS NS NS NS
DAF F7R I M 5 AL
F4 FENMMHEARANAREREERFUEESRETENZM(pg-g' BHEL")
Table 4 Effects of density and planting mode on sucrose synthetase (SS) activity in grain of different maize genotypes
iy ODAF 10DAF 20DAF 30DAF
Density Bl B2 Bl B2 Bl B2 Bl B2
Al
Cl 189.98+3.36  195.55+2.56 305.44+4.85 310.72+3.86 110.54x4.48 115.31x1.47  54.09+0.97 59.34+2.59
Cc2 186.66+1.71  191.54+4.18 304.24+3.54 310.47+3.09 108.60+5.05 113.06+3.68  52.18+1.94 57.66+2.37
c3 183.69+3.91  188.15+3.06 304.10+4.26 309.99+4.49 107.39+2.26 112.25+0.40  50.07+0.04 56.08+1.19
Cc4 167.34+5.22  169.58+4.27 278.07+1.89  282.23+2.97 90.83+5.31 95.12+4.60  35.12+1.46 40.37+2.63
A2
Cl 179.63+4.83  183.38+3.46 301.29+3.58 310.31+2.67 102.16+1.05 110.91+1.38  50.26+0.40 52.69+0.56
Cc2 177.91+£2.77 180.76+0.82 299.88+4.38 305.80+1.23 100.09+6.52 108.29+2.42  48.73+2.65 51.56+2.72
Cc3 176.16+4.66  176.82+2.97 298.24+1.29  302.24+2.06 99.37+1.34 105.95+5.64  47.80+3.46 50.11x1.24
c4 156.82+4.75 162.21x4.11 274.07+4.18  272.93+2.52 83.54+2.00 80.87+2.35  32.00x1.44 34.91£2.30
Significance
A ® %k * * % %k
B ks koo *k kK
C * ok EE ® ok * ok
AxB NS NS NS NS
AXC NS NS NS NS
BxC NS NS NS NS
AXBXC NS NS NS NS

2.5 BRI 2O A ] 3 PR L R KRR -5 7 e Y R )

R L A FOKORPARL A L, P LS B TOK BARR A L7 T, B 18T 1 D&t Bt s BE B, 7 i Fof 7 [
SRR AU L EE R AT ; 7R R AR RE AR R, SR AT RO R T A AT I 7 i A 2 KR A v
AT BOFAE DT 2O M T TR BIRPRLA T, IR SE A0 T X LEPSwl b K8 5 958 R H i TR 5120,
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